The pathological, bacteriological, and molecular findings of two 3-week-old Holstein calves with bronchopneumonia are presented. Heavy pure growth of a Mannheimia species most closely aligned with the unnamed cluster V strains on the basis of 16S ribosomal RNA sequencing was detected in the lungs of both calves in association with Bovine respiratory syncytial virus infection. While Mannheimia species closely related to cluster V strains have occasionally been reported in association with pneumonia, meningitis, and abortion in cattle, the current report provides a description of the gross and histopathological lesions produced by a cluster V strain of Mannheimia species. Lesions in the lung were found to be typical of those described for Mannheimia haemolytica with the absence of areas of coagulation necrosis rimmed by leukocytes and more pronounced intra-alveolar hemorrhage. Lesions were linked to the presence of leukotoxin A based on phenotypic hemolysis and molecular demonstration of the leukotoxin A gene.
Pasteurella haemolytica, a member of the proteobacterial family Pasteurellaceae, has long been recognized as a complex of bacterial pathogens in ruminants. Until 1999, this bacterium was comprised of 2 biotypes, A and T, based on the ability to ferment either L-arabinose or trehalose, of which there were 17 serotypes and 9 untypeable strains. 4 In 1999, polyphasic analysis of the trehalose-negative P. haemolytica complex lead to demonstration of distinct genetic and phenotypic groups prompting reclassification of these bacteria in a new genus, Mannheimia. 4 Five distinct 16S ribosomal RNA (rRNA) clusters were identified (clusters I-V) representing 6 new species of which 5 were named: Mannheimia haemolytica and M. glucosida (cluster I), M. ruminalis (cluster II), M. granulomatis (cluster III), and M. varigena (cluster IV). 4 Speciation of the unnamed cluster V strains, comprised of P. haemolytica biogroups 7 and 10 from the bovine rumen plus P. haemolytica untypeable group 5 from a bovine abortion, awaits further molecular characterization. 4, 10 Despite this new classification system, identification of isolates is difficult and laborious, and routine bacteriological investigations may not be sufficient for accurate identification in all cases, which complicates the understanding of the role that species and strains other than M. haemolytica play in bovine diseases. 3, 9 Mannheimia haemolytica is a commonly diagnosed respiratory pathogen of cattle, which has a large economic impact on the global cattle industry. 20 Mannheimia species other than M. haemolytica are occasionally associated with bovine disease. For example, M. varigena was isolated from cattle with pneumonia, abortion, septicemia, mastitis, and meningitis, 3, 9 and M. glucosida was isolated from a pneumonic Mexican slaughter calf. 13 While M. haemolytica has been extensively studied and much is understood about the bacterium and its pathogenicity, little is known about the pathogenicity of other Mannheimia spp. in cattle. 9 Mannheimia haemolytica is a commensal of the bovine nasopharynx, which, under normal circumstances, is readily cleared from the lung. When respiratory clearance mechanisms are impaired and/or increased numbers of bacteria enter the lung, pneumonia may develop. 6 Mannheimia spp. other than M. haemolytica have also been isolated from the nasal passages of cattle, including the unnamed cluster V strains. Evaluation of nasal swabs from healthy Belgian calves using 16S rRNA sequencing analysis revealed that 37% were colonized by Pasteurella multocida, whereas 6% were carrying Mannheimia spp. including M. haemolytica, M. varigena, M. glucosida, and 1 isolate exhibiting >99% sequence similarity to a rumenal cluster V strain of Mannheimia. 8 Eight Mannheimia-like isolates from cattle (4 from pneumonic lung, 1 from meningitis, and 3 from the nose or trachea of animals with respiratory disease) were determined to be closely related to strains within the unnamed 16S rRNA cluster V of Mannheimia. 2, 3 Although M. haemolytica remains the predominant bovine pathogen, previous studies illustrate that other species of Mannheimia can occasionally be responsible for disease, and isolates with similarity to those in cluster V have been implicated. In the 457930J VDXXX10.1177/1040638712457930Britt on and ZabekMannheimia spp. cluster V bronchopneumonia in calves From the Animal Health Centre, BC Ministry of Agriculture, Abbotsford, British Columbia, Canada. 1 current report, bronchopneumonia in two 3-week-old Holstein calves associated with Mannheimia spp. cluster V infection is described. In January 2009, two 3-week-old Holstein calves, 1 male and 1 female, were submitted to the Animal Health Centre in Abbotsford, British Columbia, Canada for necropsy examination. The calves had been given 3-4 liters of colostrum at birth and were housed in individual calf pens in a calf barn with 14 other calves. These 2 calves were part of a group of 7 calves that developed diarrhea at 7-10 days of age. The 2 calves had been treated with florfenicol a and were tube fed with milk and electrolytes for the diarrhea. The calves subsequently developed labored breathing, became progressively weaker, and died.
At necropsy, both calves exhibited sunken eyes indicative of dehydration. Unclotted milk was observed in the reticulorumen and abomasum. The intermediate, anteroventral aspect of the diaphragmatic and ventral aspect of the anteroventral lung lobes were mottled tan, dark red, purple, and reddish-orange with lobular depression. The discolored lobes were firm and, on cut surface, tan-colored exudate could be expressed from airways. The female calf exhibited fibrin over the pleural surface and fibrinous adhesions of the discolored lobes to the pericardial sac.
Microscopically, interlobular lymphatics and interstitium were dilated with edema fluid, fibrin strands, and variable numbers of macrophages and neutrophils ( Fig. 1A) . Affected lobules exhibited variable accumulation of edema fluid, fibrin, erythrocytes, macrophages, neutrophils, and occasional coccobacillary bacteria in alveolar spaces with multifocal clumps of necrotic leukocytes exhibiting nuclear streaming ( Fig. 1B) . Airways contained exudate similar to adjacent alveolar spaces resulting in a pattern of lobular consolidation, which varied from patchy (Fig. 1A) to generalized (Fig. 1C) . Alveolar hemorrhage varied from multifocal (Fig. 1A) to widespread ( Fig. 1D) and was observed with both early and more advanced consolidated inflammation. Foci of atelectasis were occasionally noted, and fibrin was focally observed on the pleural surface and in peribronchial lymphatics. Bronchiolar epithelial necrosis and attenuation, often associated with intraluminal syncytial cells, were occasionally observed. Using a monoclonal anti-Bovine respiratory syncytial virus (BRSV) antibody, b immunohistochemistry revealed the presence of BRSV in syncytial cells, alveolar macrophages, and bronchiolar epithelium.
Heavy pure growth of a small, smooth, clear betahemolytic colony was noted in lung samples from both calves after 24 hr of aerobic incubation. Following subculture, the organism was identified as an oxidase and indolepositive, Gram-negative coccobacillus. Initial identification of the organism was made using a commercial identification system, c which produced an identification of M. granulomatis with a 99% probability.
To confirm the identification, 16S rRNA sequencing was performed. Utilizing a single, well-isolated bacterial colony, DNA was extracted using a commercial kit d according to the manufacturer's protocol. The 16S rDNA gene was amplified using primers 27f and 519r. 14 varigena. Further analysis of the sequenced product using a commercial software package e revealed >99% identity with Mannheimia spp. R19.2 and HPA121, bovine rumenal strains within the cluster V group of the Mannheimia complex. 4 In addition to the 16S rRNA sequencing, PCR was performed on the isolate for the detection of the leukotoxin A (lktA) gene. Primers specific for the leukotoxin pore-forming repeats in toxin domain 11 amplified a 1,145-base pair fragment from the isolate, which matched the positive control, a M. haemolytica isolate from a diagnostic case of bovine fibrinous bronchopneumonia.
Both calves were diagnosed with marked bronchopneumonia associated with Mannheimia spp. cluster V and BRSV infection. Bacterial bronchopneumonia caused by bacteria of the Pasteurellaceae family is a common, economically important disease of cattle, which most frequently presents as shipping fever in feedlot cattle and enzootic pneumonia in calves. 6 In dairy herds, enzootic pneumonia is a multifactorial disease associated with primary viral or mycoplasmal infection and secondary bacterial infection. 20 Risk factors include failure of passive transfer of immunoglobulin, poor ventilation, crowding, stress, and concurrent disease. 6 Bovine respiratory syncytial virus is the most common viral etiology associated with pneumonia in dairy calves, 5, 20, 21 and demonstration of BRSV in the 2 calves reported herein most likely represents primary infection.
Pasteurella multocida is the most common secondary bacterial pathogen associated with enzootic pneumonia followed by M. haemolytica, 5, 6 reflecting nasopharyngeal commensalism of healthy calves. 7, 8 Isolation of neither P. multocida nor M. haemolytica from the 2 calves in the current report is thus unusual. Initial identification of the isolate using phenotypic and biochemical criteria alone revealed 99% probability of M. granulomatis, an indole-negative organism most often associated with a granulomatous skin condition in Brazilian cattle. 4 Molecular testing subsequently demonstrated the isolate to be most closely related to the unnamed 16S rRNA cluster V strains, illustrating well the difficulty and exhaustive analysis needed to accurately identify some Mannheimia isolates. 2, 3 Cluster V strains are rumen commensals that have occasionally been isolated from the nasal passages of cattle. 2, 3, 8 In the present case, the calves were being tube fed, suggesting that contamination of the oropharynx during extubation may have occurred. Alternatively, the Mannheimia cluster V strain may have been a nasopharyngeal commensal.
The isolate from the present case was hemolytic, which is highly correlated with the lktA genotype in Mannheimia spp. 17, 18 A member of the Escherichia coli subfamily of cytotoxic, pore-forming repeats in toxin proteins, lktA is reported to be the primary virulence factor of M. haemolytica. 15 At low concentration, lktA activates the oxidative capacity of macrophages and neutrophils and release of inflammatory mediators and chemoattractants for neutrophils, thus exacerbating the early inflammatory response. 15, 18 Increasing lktA concentration stimulates leukocyte apoptosis followed by pore formation and necrosis of leukocytes due to membrane damage. 15, 18 Mutant strains of M. haemolytica expressing either altered or inactivated lktA are associated with decreased necrosis or absence of leukocyte degeneration resulting in less severe lung lesions and lower morbidity and mortality. 12, 18, 19 The dense multifocal infiltrates of apoptotic and necrotic leukocytes observed in the 2 calves in the current report were typical of those described for M. haemolytica with lktA activity 6 compatible with the PCR demonstration of the lktA genotype in the Mannheimia cluster V bacterium cultured from the lungs. The lesion differed somewhat from that classically described for M. haemolytica in that areas of parenchymal coagulation necrosis surrounded by a dense rim of leukocytes were lacking in the 2 calves, and intra-alveolar hemorrhage was a prominent feature. 6 Intra-alveolar hemorrhage is not reported to be a feature of BRSV pneumonia in cattle, 6 and this lesion was attributed to the Mannheimia spp. cluster V infection. Full expression of virulence of M. haemolytica is dependent upon the interactive effects of lktA, endotoxin, and immune-modulating proteins produced by the bacterium. 16 LktA has no direct effect on endothelium, whereas the combined effects of lktA and endotoxin on leukocyte activity are thought to cause endothelial damage. 1 Parenchymal coagulation necrosis surrounded by a rim of leukocytes, a feature of M. haemolytica infection, is thought to be mediated by endotoxin-induced procoagulant activity and infarction plus the combined effects of endotoxin and lktA on leukocyte oxidative activity. 1, 6 Thus, the prominent hemorrhage and lack of large areas of coagulation necrosis rimmed by leukocytes observed in the calves may reflect synergistic effects of lktA and endotoxin unique to this cluster V strain.
